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SECTION 1
SCOPE OF THE INVESTIGATION

‘A, Genera| Nature of the Problem B
’ The present report fs a summary of the fnvestigation

under Contract No, DA=18-064-404~CNL=495, on:

1., the synthesis of fluorescent compounds to deter=

mine which of these will react rapidly with smal! amounts
~ of protein and/or nuclelc acids,

2. the preparation, purification and characteriza=
tfon of oxidatfon=reduction 1ndlcatdr dyes, such as the
tetrazolium salts, so that thelr applicabtiity with res-
pect to the detection of serosolized becterfa can be
studfed, | | |

Earlfer work by the author indicated that fluorescent
compounds can be used to detect organfc compounds below
the microgram range (1 x 10~6 ¢,)(1,2), Therefore, it
eeemed desirable to Investigate compounds which on the
basis of their structure are expected to shqw an intense
fluorescence, Such compounds may be used to attach react=
fve groups which can react with proteins and/or nuciefc
acids and give elther an fincrease, shift or guenching of
thefr fluorescent intensity..

Also earljer work by the author at Synthetical Labe
oratories, Chicago, Illinois, and at Brooklyn College
(after 1950) has been concerned with the synthesis and
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properties of tetrazolium compounds and their application
to viabiliity of seeds, detectlohibf malignancy in neoplas=
tic tissues, reducing enzymes and in general; reducing
functtional équpa of organic combounda. 'Howevgr,.no 8y8=
tematic and aqcuraté.wofk, has boen done on the redox -
potentials of theée types of compdunds which would help
one to prédict the structures that wouid'give extreme

sensftivity of detecting viabllgty or livlng'organtams.

B Soecific Oblectives of the Investigstion

1, To synthesize and study the properties of
phthalein type of compounds

2, To synthes!ze and etudy the propertles of the

ulfgnghtha!ein type of compounds
3« To eyntheslze ‘and study the propertiee of the

!ugrgggein type of compounds
4, To synthesize and study the properties of et

razolium salt type of compounds and their corresponding
formazans

w2e
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SECTION 11
SELECTION OF EXPERIMENTAL METHODS

‘A, Preparation of Phthaleins, Sulfonphthaleins and

Fluorescein

The geherél method employed throughout i8 to con=
dense aromatic enhydrides of dicarboxylic acids, as for
example, phthalic anhydride wfth an aromatfc phenol,
Phthalte anhydrlde, chlorn=-, and bromo=substi{tuted
phthallc anhydrides. g=-sulfobenzoic acid anhydride, and
halogen=substituted g~sulfobenzoic acid anhydrides were
used, A large variety of monocyclic phenols, with var=
fous subétltuents were used as discussed in Sections III
and 1V,

The condensatfon procedure was to heat 1 mole of the
anhydride with slfghtly more than 2 moles of the phenol
both i{n the presence and the absence of condenslng,agentsA
such as concentrated sulfuric acid and anhydrous zinc
chloride. It was found that the latter gave better results
than heatfng without a catalyst or sulfurfc acid, Typfcal
preparations are described in Sections 11l and 1V,

The melt from the condensation was bofled with water
8o as to disintegrate the mass and remove the catalyst,
then dissolved tn 5% sodium hydroxide and the phthalein,
sulfonphthalein or fluorescein precipftated by the addftion
of dilute hydrochloric acfd to pH 1,0, The product was
then filtered, dried and used for screening directly as

~3a
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descrlbed fn Section 11I, In the screening test for. fluor=
escence, Thoso compounds which showed appreclable fluor=

escence with dllution.were selected for further study.

ethod for Rapid Screening f r_Fluoresgence.
The compoﬂnd was dissolved: (a) fn 0.1 N NaOH;

(b) chloroform: (c) ethanol so as to. give flrst a concen=

_tratfon of 1 mg/ml. Then it was diloted_wlth the same
- oolvenf,in order to make éolutions,conia!nlng 1 pg/ml. or
less, A‘aamplo‘solut(on'was plqcod-in a 6=inch tube and
- frradiated from ine side with a UV=hand lamp (3660 &) (3)

and the dllution at which fluoreoccnco dieappeored'hotod.

- From these tests the lower limita. exproesed in: mIcrograme/

milllter, of- the compound at which it gtvea e not!ceablo

fluoreacenee waa determlned.

A thod for Determination of Relative Fluore

.’ gggencg s

In the first. oight montha of tho inveetlgation a Far-
rand Spectrofiuorometer was used. In the lagt 12 months

_.of the investigatlon an Amlnco-aowman 8pectrophotofluoro-

meter waa employed. Each lnstrumont has some advontagco
and also some disadvantages,

Tho advuntagee of the Aminco over the Farrand are:
1. Engineering = more compact unit,
2, Lamp = 1ooo hours for the blower-cooled Aminco osream
iamp while only 100 hours for the Farrand,

. "
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;. Sllt changlng: the Farrand monochromators must be opene
ed to ehangelalite.

4, Wavelength changing: the Farrand has a gear system
that has only two epeeds and le-eubject to Jamming,

5. Power supply: Baitery.for.the Farrand versus llne_r
operated for the Amlnco.

6. Controls: elther the recorder or the microsmmeter
may be used, but not both together tn the Farrand,

7. Cuvet size: the standard sjze'for the Aminco 18
5% 10 5 x 46 cm, while the stendard sfze for the
Ferrand is 10 x ap x 50 cme ' L

_B. trradiation: there fs a shutter arrangement on the
Amtnco allowing the sample to be irradleted only when

~ desired," ' : _

| . The;advanfagee of the ?arrand Instrument eres,
Rr Flitera: ‘a-primary filter may be used wlfheht'eny
 Amed|f1cat1on.I o | '-. . -

‘2, Placement of the lenpi  the,lamp'fe,far enough ree=
heve& to prerent any. wernlng of'the‘semple.

The compounde on which accurate measuremente of
’fluorescence were made were fractlonated by several
‘methods so as to obtaln fractiona which had s higher
purity than the crude products first obtained by the
condeneatfone.r' | | v

The general method for determining the relative
fluorescence of a sample was to prepare a solution in

0«1 N NaOH 80 as to obtain a solutfon of 1 mg/ml, then

-5-
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to dilute successively with o.llN_NaOH until the resultlng

' aqlut!on gave about the'same~lntensity as the b!gnk.
Ordinary distilled water was used.at first but the

blank was erratic, The'procedufe adopted was to prepare

_ triple-diatllled water and use ghis fn preparing the;o.l N

* NaOH sotution, - o

The Instrument was atandardized by using quinine dis=

aolved in 0.1 N H2804 at 10 ng/ml. and taking serial di-
lutions to 0.001 ug/ml. he reported.(#) activation peak
of 350 mi and fluorescence peak of 450 mu.wére obtainéd.

For fluorescence studies, the peak excitation and

' fluorescence'monochrbmator setilngs'g{vh_valheé that are

read ffom.the photometer in percent transmission, . The

bhotpmultlpllef microphotometer has a métgr mUlfipllerf
attachment that allows different resistors to be placed

.into the fnput amplification circuit., The relatfve per=

cent tfansmfsaion, therefore, {s the product of the meter

feédlng and the meter multiplier; the 1 setting being the
Iegat sensitive and the 0,001 being the most sensitfve,
The relative percent transmission for slit width, photo-
muftiplfer tube or pH or solvent must be recorded, since
a change in these values will give a different vaiue for
the percent transmission, The selectfon of the photo=
multiplier tube depends upon the peak fluorescence or
.emission wavelength, with the 1P28 tube befng more sen=
sitive at the lower wavelengths than the 1P21 tube,

Blank sofvent values are determined. The plot

b
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Cof the log of relative intensity of the sample, minus
relative fntensity of the blank versus log of concen-
‘tratfon should be linesr over some range of low con=
centrations, For example the plot of the log of rel=
attve percent transmission versus the log of concen=

tration of quinine 18 shown in Figure 1.

D, General Method for Preparation of Tetrazold Sajts,
'A'revlew of the mostilmpoftant methods for the:preﬁ-;_
aration of tetrazolium salts Is given In a number of Mas= .
ter's ‘theses (5) of the Graduite-School of Brooklyn Cole=
.lege, in Nineham's article in chemlcal Revlews {6) and .
in Zdenek'a revlew (7).
' The general method followed in the present Investi~
gatfon may be outlined by the‘follpwing stepss’ '
(a) éreparatlﬁn of a substituted hydraione by the'reactlon
of phenylhydrazlne or substltuted phenylhydrazine’ and an
~aldehydes o

RCHO + R*NHNH, = RCH=NNHR® ()

" The supcrscrlpta RS and R2 are used to denote ihe positions
- of the radicals In the fetrazole ring which fs ultimately
formed as shown in Structure (2),

-]
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(2)

= halogen

(b) Reaction of the hydrazone with a diazotized aminé at
: alkallné pHY Inspection of Structure (2) indicates thét
_the radical RS {s derived from the aldehyde reacted with
the hydrazine; R? s derived from the radical of the hy=
draiine and R3 {s derived from the dlazbtlzed amine which
is reaeted with the phenylhydrazone to produce the form-
azan as shown 1n Structures (3), (4) and- (5):

RNHy + HNO, ¢HX = RINT X~ o)

péNzx +OW & - RNENOH X7

R-C7 Y.t Rc? \N -R* 5y
'-f-l": f | - ' U] 5) .
NP R N =Nepd
| OHrNzN-R? | -

 aBe
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(c) The formazan thus obtained 1s isolafgd, purified and
then oxidized to close the ring and yield the tetrazolium

salts

(d) The final step is the tsolation ‘and purification

of the tetraquium salt, 1In practically all cases the
galt was the chiaride, though fn a few instances the
bromide was prepered. g

_ For the preparation of the ditetrazolium salts the
same ganeral method was employed except one mole of a
teirazotfzed diamine was'uaed in place of the diazotized

amine and 2 moles of the hydrazone as shown in Structures

(7) and. (8): '

5 4NN R5
ZR c 5 /,N\ z
M N R — R"C ol RH/N}C (7)
R-(N-’-N-OH)Z =N-Rin=N
£ BIoNO HYCI™
] “~ / f
|
N ===-Qd*:—"'Fé3 PJ =N
Ci tor-
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Typical preparations and discussion of the problems
encountered in this phase of the investigation are given

{n Sections VI1 and VIII,

, - w0 .
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S8ECTION I11
PREPARATION OF FLUORESCENT COMPOUNDS  AND
PREL!M}NAR{ SCBgENING
Detefled D t1 fet‘ for Preparation of
Phthaleins and 8 nph haleins o ' » |
1 P;egarg;jgg of Anhggrgug Zinc gnlgrige, Zinc
chloride was heated until liquid tn a metal pot and stlr-
~red until viscous. It was then heated for an additional
10 minutes and qiloweq to cool and solidify; crushed with
a pestle unti| it 1s a fine powder (while hot), and kept _'
. in a dry etoppered vessel, parafinned ‘at the stopper to
.keep moiature out. The dry powder was weighed rapldly..
-‘and added to theaundeﬁsétion'mixture and the stock bottle
‘resealed, _ | R N , '
2, Condensation of Anhvdride and Phenol, -fn.qn_
;BJinch“ﬁegi tube, 0,02 holeg.of the anhydride and 0,04
moles qf the phenol were haatéd untt| mejfed, then & g.
of the anhydrous zinc chloride was added and heated for
4af hdure in an o!i bath at 120-140;0. At.thdspo!nt the
melt should be viscous or a solid,
| wmwﬂmmwmﬂmm‘
To the melt 10 mi, of water was added and bofled. The
mass was poured fnto 100 ml, of water and mixed with 5
mi. of concentrated hydrochloric acid, If the condensate
does not precipitate, it is treated as deﬁcribed below.'
The precipitate was filtered and washed twice with 25 ml.
of dilute hydrochloric acid; the residue filitered and
“li=
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heated with 15 mi. of 10% godium hydroxide. 50 mi, of
water was added and the aoﬂutlon was alfowed to cool, It
was then fiftered and reextracted with sodium hydroxide une
til coloriess, acidified with hydrochlorfc acid until the
phthaleln precipitates, filtered, washed twice with dilute
hydrochloric acid and then twice with water, and then dried
{n an oven at 100°C, . | |

If an ofl results on distntegration and acldification
of the melt, dissolve In 10% sodium hydroxide by warﬁlng'
to 50°C, Oilute to 500 ml, with water. Warm and stir;
filter gnd aqldify filtrate wtﬁh hydroch]orfc aéld, allow
to cool and filter reeidué. .Washthe product with hydro=-
" chloric acid and then water and dry In oven at 100°C, |
IQ, ?[ggreegegg ggméggqgg Synthesized,
| Table 1 summarfzes the substituted phthaleins, sul~
'fonphthaleins; and fluoresceins prepared gccordlng'to the
method described In Sectfon I11=A, The.flrat column gfves
" the |aboratory.nuhber assigned to the preparation (for.
fdentification purposes); column 2_gives the anhydride
;dd cofumn 3, the phenol used {n the condehdation. 1t
witi belnoted that ho‘att?mpt has been made to gfve cheme
fcal names'to these condensation products, though struc-
tures and names have been entered in the notebooks .of the
project and also in some of the progress reports, The
reason fe that no attempt was made to léolate 3 pure come

pound, determine {ts constants and establish fts fdentty

=i2=
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~except in the case of t
greater fluorescence in

coﬁpounds are treated |

LIST OF BUBSTITUTED
FLUOR

Labe No, Anhydrfde
. {(Used 1

100 g=sulfobenzoic

101 . phthalic

102 tetrahydrophth
103 tetrachtoropht
104 tetrabromophth
105 gféulfobenzdic

106 phthalfc
108 tetrachloropht
109 tetrabromophth
110 g=-sulfobenzoic
11 phthalic
112 tetrachloropht

hose compounds which exhibited
tensity than fluorescefn, Such

n detai! in Section 1V,

TABLE 1
PHTHALEINS, SULFONPHTHALEINS AND
ESCEINS PREPARED
Phenol
n the Condensation)
4,4 bis (4=hydroxyphenot)
pentanoic acid"(DPA)
alic " N
halic L .
aliec .
4,4 bis (3,5-dichloro=4=hye .
droxyphenol) pentamoic acid
(tetgachloroloﬁA),
halfc L "
alfc " . v
4,4 bis (3,5=dibromo-&=-hydrox=
ylphsnol) pentsno!c acid

halic " ..

114  tetrabromophthalic " "

115 g~=sulfobenzofc
116 phthalfe

117 tetrahydrophth
118 tetrachloropht

DA«18=064~404=CML =495

- Ethy! 4,4 bis (4=hydroxyiphene

“ol) Rentanoate"(DPA ethylester)
alfe ] ' 1
haffe w.e o "
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TABLE 1 (continued)
Lab, No, Anhydride Phenol
(Used {n the Condensation)

119 ~ tetrabromophthalic Ethy! 4,4 bis (4=hydroxylphen=
' o ol) pentanoate (DPA ethylester)

120 g-sulfobenzoic 4,4 bis (2,6=ditert=butylphenol)
121 phthalic - : " C "
123 o-sulfobenzoic 2,6-~ditert-buty l=g=methoXy=p=
' cresol
124 phthal fe’ ‘ n
- 128 tetrahydrophthalic n “oa
127 phthalic  2,6~ditert=butyl=g=dimethy!=
: ' : ~amino=p~-cresol
129 g=sulfobenzoic . 4 ,4=methylene bis (p~-tert= .
' butyipo=cresol)
130  phthalic ' o K

131 tetrahydrophthalic " o

133 - tetrabromophthalic 4,4=meéthylene. bis (6 tert=
' ce .~ butyiphenol) ‘

138 tetrabromophthalic resorcinol

-G, Preliminary Screening of the Compounds §xﬂhg§|;gg.
1, Method, The general method employed for rapid
screening of the fluorescence was to_the:lggg;_limlgg of
Tluorescence upon dilution, using the general method out=-
lined in Section I1-B, The inftfal solutfon fn 0.1 N NaOH
containing 1 mg/ml. was dfluted ﬁith water by a Tactor of
_ten'uhtll a sbluf!on was obtained which upon irradiation

with the hand UVelamp falled to show any fluorescence, The
¢ Vn ‘ -14-
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solution which showed barely noticeable fluorescence was
noted as the lower Iimit and expressed efther as mg/ml. or
wg/ml .

2, Results of Screening, Table 2 gives a summary of

screening tests of the 20 compounds synthésizedz

TABLE 2 ]

SUMMARY OF SCREENING FOR FLUORESCENCE OF
SUBSTITUTED PHTHALEINS, SULFONPHTHALEINS'
“AND FLUORESCEINS

' _ pH of
Compound ' : b Lower " Final
Lab, No,®  Sglvent Result Limigs Dilution

100 - «IN NaOH + 0.03 ng/ml 4,69
‘ CHCI3 - g

' © CoH&BH + L

101 +IN"NaOH + 0.6 ng/ml 10,78

' CHCi3 + o -

. C2H50H 4 : .

102 - +IN"NaOH + 1.0 mg/ml - 11.1
CHCIg' + .

~ .. C2HsOH + ' L
103 «IN"NaOH =+ - 0,01 ng/ml 6.6
' CHCI3 . L
o C2H&0H + '

104 - © ¢IN"NaOH + 0.96 ng/mi 7.2
cncrg + AR '

: - C2Hs0H + . '

105 «IN"NaOH + 0.75 wo/ml’ 11,1
CHCI *
. cansgn + _ 4
106 ~ ° JAN"NaOH + . 0.5 ng/ml 11,40
S CHClg +
, C2HEOH + : -
108 . .IN"NaoOH + 0.01 pg/ml 10400
o cucng - :
: C2HgOH - L
109 +IN“NaOH * 0.25 ng/mi 11.25
CHCI _ + . I
C2H50H - :
110 - +AN“NaOH + 1.5 ng/ml 11,40
CHCI1 +
C%H5 H + ,
111 + IN"NaOH + 3.0 ng/ml 11.45
CHC|8 +
CaH50H +

]
-
(%]

(1
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Compound
113
14

115
16
117
118
19
120
121
123
124

125

127
129
130

1314

'SQQ!ent

«IN NaOH
CHCIS
C2HEQH
01N NaOH
CHC!
C2H58H
<IN NaoH
CHC13
CoH50H
«IN NaOH
CHC!3
C2He0H
« IN NaOH
CHC!g
Czh H
+IN NaOH
CHC!S
C2HBOH
1N NaOH
CHCl
CaHg %H
«IN NaOH
CHCI
C2Hg BH
01N NaOH
CHC !
3

i

« IN NaOH
CHCI3
CoH50H

« 1N NaOH

CHCI3
C2Hs0H
01N NaOH
cHCla
C2H50H
«IN NaOH
CHC!
02H53H
o‘N NaOH
CHC!

B

- CgHs

01N NaOH
CHC!
C2Hs 8H
«1IN NaOH

- CHCI

C2H5BH

DA=18=064=404=CML=495

TABLE 2 (continued)

Result®

+4++++4++++08 l++++++-}++_++l+l'l E 20 B BE R IR 0 2 K JE R AR 3K 2R S0 Y BE 2K X 2 I 2
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Lower

LimitC
3.0 ng/ml

1.5 ng/ml
0.09 ng/m!
0,18 ug/mj
0409 ug/mi

0.09 ng/m!

0.75 ug/ml

1.5 ng/ml
1.5 ﬁg/ml
0437 ng/ml
0,18 nug/ml
0.3 ng/ml
5.0 wug/m!
1.5 ng/mi

20.0 pg/ml

pH of
Final

11,50
11.35
410
10,20
8.51
‘,9;20“
jo.ao
11.50
: 11.45
11.40
10.10
915
11,35
11,60

11.41




TABLE 2 (continued)

pH of
Compound Lower Final
Lab, No,® Solvent Resultb Limite Dlution
133 <IN NaOH + 10,0 npg/ml 11.45
. CHGCt: +
CQHggH + : :
138 « IN"NaOH + 0.005 ug/m! 5.80.
CHC1- + :
C2H50H

8 For nature of compound, see number in Table 1,
+ = fluorescence, - = no fiuorescence, at a concen-
tration of 1 m?/ml. ' ' '
€ The concentration below which fluorescence fades,

entative nclus{‘n from Screening Tests for Fluores-

In attempting to'pyalﬁate the data summarized fn Table
2, 1t should be noted.that'thdugﬁ the préducta were not
purified and thelr structure not determined that {t Is.poé-
sible to discern cerfq!nntren&s.. Though the pH of the solw
uiion'changéd from about 1é.45't§»that,noted in column 5 of -
_Table 2.(wh1ch in most cases is in the alkaline range) one _
may mdke the reservqt!dn that some compounds might fluor=
éqce'more afrongly‘it some particular pH's than the one |
shown in column 5 of Table 2, It should also‘be noted that:
'1£-mayibq more useful tq'tesyleuch product at,var!oué pH
'vfanges'ln order to detérmlﬁe the'opt!QUm pH-fbr fluores=
'cenée. 'preQéf, even with thisAaﬁmitfeély Iimited type of
test, certain trende.gre cleirly'discernlb]e'whlch are sum=-
marized in the following paragraphs; N
1. Generally, fluorescence in aqueous alkali fs greater

_ -17=-
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than in chloroform or ethanol, A number of compounds do not
fluoresce in chioroform, but do so in alcohol., It will be
noted that the pH of the diluted eolutiono at the lower (imits
varies from 6-11, This was due to the fact that pH drops as
‘the solution fn 0.1 N NaOH is dfluted, The solutfon of com=
pound 138, after dilution, was the same as dist!lled waters
5.8. o B

2, Fluorescence decreases a thousand fold or more by partial
hydrogenatfon of the phthalic anhydride structure (compare
101 and 102). ' | ‘ .

3. . Compounds 100, 101, 103, 104, 105, 106, 109, 110, 111,
113} and 114 are felated<aince general structure Io the same
but the substituents vary, . ‘ - _

4, Generolly sulfonphthaleins are more fluorescent than
phthaleins’ (compare 100 and . 101). _

5, COmpounds 103 and 104 1ndlcate that chlorlne on the
phthalic structure ‘has a greater effect than bromine, ,
6 . The tentatfve concluaion is that chlorine has a greater'
effect than bromine. ~Compounds 108 ano 109 both contain 8 -
‘halogens but compound 108 fluoresoee about"zs'iimes more;
than 109,  ‘ | |

7. Compounds 109 and 113 are tetrachloro and tetrabromo;
compound 109 exhibits about 10 times greoter fluorescenoe
than 113, This effect will be furthor studied,’

8. 1In compounds 110 and 111 agaln we find that sulfonphe
thateins have twice the activity of‘phfhalelns.

9, The effect of 8 chlorine atoms and 8 brominc atoms {s
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shown by the compounds 108 and 114, The former compound is
about 15 times more effective than the latter,

10, The effects of sulfonphthalein {s shown by compounds
100, 115, and 116, Esterification decreases fluorescence.
Compounds 102 and 117 are compared. These effects are alsc
shown in compounds 119 and 120, | |

11. Compounds 115 and 120 are compared. Bqth are sulfon=-
phthaleins and both have carboxylic ester groups but in 120
we have introduced in the phenol 4 tertiary butyl groups and
the fluorescence is decreased by 15 times,

12, . Comparing 122, 123, 124, 125, 127, 129, 130, 131, and
133, the striking fact emerges that.the 1ntroduction of an
a=dimethylamino group (127) decresses fluorescene by a factor
" of 1000, The rest of the trends are mainly that the sulfon-
phthaleins are more fluorescent than phthaleins and the lntro-‘.
ductfon of terbutyl groups do nof enhance fluorescence. .

13, The mdet fluorescent compounds are numbers i03; 108,

an& 138. The last one is a admple fluorescein etructure with
4 bromlne atoma on the phthallc anhydride molecule. Numbers
103 and 108 repreeent tetranhloro and octachloro phthaleina.
1t appears reasonable to expect tetrachloro and octechloro-
fluorescenn and tetreehloro and octachloro sulfonfluoresceins
to be more active.

14, The general conclusfon is that a substituted fluores«
cinn exhibits greater fluorescence than the substituted ph-'

thaleins and sulfonphthaleins,

-19-
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SECTION IV

SYNTHESIS OF COMPOUNDS HAVING GREATER ﬁLUORESCENT
' INTENSITY THAN FLUORESCEIN :

A etical Consideration

Inspection of the structure of a typical sulfonphthal-
ein (Structure 9) and a typical fluorescein (Structure 10)

shows that the mafn difference between the two structures

8tructure 9 © Structure 10

{s that the two phenolic rings (B) combine by an ox&gen

bridge to form another six-membered ring deelgnated.by'(C)

{n S8tructure 10, It was assumed theréfore, that the lhtro-

duction of this new six-membered structure permits a greater.

extended resonance and hence a greater {ntensity in fluores=

cence. It was further assumed that if this assumption was

correct, further extensfon of reséance could be fntroduced:
By introducing polycyclic structure at the region (A)

of the molecuie (8tructure 10), by using a dicyclic or a

‘ ~20-
DA~182064=404=CML=495




tricycliic acid anhydride or at the region (B) of the mole=
cule by using a dicyclic or a tricyclic phenol, Therefore,

a numbef of preliminary runs were made using first naphthallé

(1,8) anhydride with resorcinol and later quinoline anhydride;

and then various naphthélene diols.
Synthesis of lex F escein
Table 3 summarizes the condeneatton products obtained

by reaction of polycycllc acid anhydrides with resorcinol

‘and also with polycyclic phenols. Table 4 gives a summary

of a few exploratory runs to determine whether fluorescent
products could be obtained by reaction of g, and m=phenylene
dfemines and acid anhydrides fin accordance with the following

postulated equation for m~phenylene diamine:

| Ny~ NH,
8 M O p
I 2
SR G

(11)

=2
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TASLE 3

SUMMARY OF COMPLEX FLUORESCEINS PREPARED BY REACTION
OF POLYCYCLIC AED ANHYDRIDES AND MONO AND DICYCLIC .

Labe
No. Anhydride

PHENOLIC COMPOUNDS

Phenol

(Used in the condensation)

230 1,8~Naphthalic
231 1,8=Naphthalic
232 1,8=Naphthalic
233 1,8=Naphthalic
234  1,8=Naphthalic

235 1,8~Naphthaific

236 1,8=Naphthalic
237 1,8=Naphthalic

Resorcinol
1,3=Naphthalenediol

1,4=Naphthalenediol
1,5«Naphthalenedio!

{=Hydroxyanthrae=
"quinone

1,8-Dihydroxyan=

thraquinone

8~Quinoltnol

4=(m=Nitrophenyl=
azo) resorcinol

Remarks

0.0008 1g/mi®

Poor fluorescence
Poor fTluorescence
Poor fluorescence

Poor Tiuorescence

Poor fluorescence
‘Poor fluorescence

" Poor fluorescence

8 ower Ifmit of fluorescence detection,

TABLE 4

~ SUMMARY OF CONDENSATION PRODUCTS BETWEEN g, AND mePHENVL~
ENEDJAMINES AND 1,8-NAPHTHALIC: ANHYDRIDE

Lab, No, . Dfamine
258  pephenylene®

259 gpphenylened

MPe AME
370

330°C* Bo0

350°C*+ 350

8 Activatfon monochromator
Fluorescence monochromator

¢ In 0.,IN NaOH

EM.®  Lower Limit
420 : 10.‘4 g/ml.
525 10~1% g/mi.

395 108 ¢o/mi1.

94 Poor solubfifty n NaCH so 10 mgs first dfssolved in
15 mls of 6N HCI and brought to 1 liter with O.IN NaOH,

DA=18=064=404=CML=495
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AL ARy R

€, Screening of Complex Fluoresceins,:

The method of screening was the same as described fn
Sectfon 111-C. Of the compounds Iisted fn Table 3, naphthol
fluofesceln and also tﬁe condensae of phthalic anhydride and
brominated feeofcinﬁl showed the most promising fluorescence -
in that the lower Iimits of detection were far lower than |
that of fluorescefn, 1In fact, even the crude naphthol fluor-
escein showed lower 1imits of detection below 1 x 10"‘2 g/ml.
Therefore; a systematic study was undertaken.ta obtain a pure
naphtho!l fiuorescein andldétermine fts pfoperfiﬁa.

Other ln;erest!ng compounds were,synfhealzed'at a>later'
date from B-resorcylic acid and anhydrides, The main fluor=

escent fractions are shown in Table 5.

. TABLE 5

SUMMARY .OF CONDENSATION PRODUCTS BETWEEN B-RESORCVLIC
ACID AND NAPHTHALIO AND PHTHALIC ANHYDRIDES

Lab,
No, Anhxdride' M,P, AsM, F.M, Lower Limit
?53 Phthatle 319-320°C 290 320, 525 10~19 g¢/mi,

‘ 0,475
. . . (370) (475)

‘254 1,8 Naphthalic 198-201°C 290,380 525 no data

ZS
380 (420)

«23a
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epar an ticatig hol fluorescein
1s Natu[e:of-ihe o88ib p roducte in the conden
of naphthalic anhydride and reggrging[, Thetre are a number

of possible structures in the condensation of naphthalic an=

hydride and resorcinol.as shown by the following formulas:

" Q0"
OH.. OQC/O\CI,O / ' |
S SO
OH P A N
L 2 ’S:Q::j'OH

That the.naphtﬁolfluofescefn prepared according to the method
‘described in the following-eﬁbsgction consists of several
products, each having different fluorescence.'was shown by
sfmple fractlonatibn'witﬁ paper chromatography as descri{bed
fn this section, Thefefofe, a large amount'@f work hﬁa been
done on the probleme involved fn the fractibnatlon_of the re=
action products of the condensation of naphthalic anhydride
and resorcinol, | o
Y
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2, Preparation of naphtholfiuorescein, Recentiy an

‘old reference to the synthesis of naphtholflhoresceln was

found (8)'and this method does not differ markedly from the
conditions that have been described here., Using three 8"
test tubes as reaction vessels, a total of 24'grnme (.062
moles) of 1,8=naphthalic anhydride and 27 grams (.25 moles)
of resorcinol were heated to 190-200°C. After the addition

-of ZnCl2, the reactfon vessels were heated for 4 hours, The

crude yleld was 16,5 grams. This was fractionated by dis=
solving tn 5% NaOH at room temperétdre, filtered and treated
with 6N acefic acid unti! a product preclpifated (A = brown),
After one hour, the mixture was filte}ed’énd 6N acetic acid
added to give precipitate B (qrange-brown). The filtrate‘
was evaporated under vaéuum to yleld précipitate c (redé
orange) .- Apprbximate]y equal quantities of A and B weré ob-.'
tained and only ahgll quantities of C. Fluorescent studfes
are given in Table 7, |

Another method of naphtholfluorescein eyntheela, using
the acld chloride of 1,8-napthalic anhydride, has been re=
ported (9). | ' |

c atographic Separation of the nents of

c;gdg fluorescein, A solutfon of 10 pl. representing 5 ng.
of fluorescein was chromatographed on Whatman #1 paper,
using ascending téchnlque with 3% NaCI,-S% phenol and O.1IN
aqueous NH3 (1:1:1) as the developing solvent,

The spots obtained has the following characteristics:
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Rf
Spot A «20 ~ red and nonfluorescent
B 62 « yellow and fluorescent
c «90 = dim blue and fluorescent
The materfal was fractionated in the same manner as
naphtholfiuorescein and the fractions A and C are shown in
Table 6 with C possibly belng the yellow form of g fluores=
cein (10) and A being ¥ fluorescein (11),

TABLE 6

FLUORESCENT., DATA ON VARIOUS FLUORESCEIN FRACTION=
‘ ATION PRODUCTS

| AM, _FaM Lower Umlt __MPe
fluorescein A 290,220 515  10~13 g/ml,. r to br at

380,475 ' 250°C
’ NO MePo at
. 350°C+
fluorescefn C - same same  10~18 g/mi, y to r at
' .210°C

m.p . 305-7'0

A4y Fractionation of crude naphtholfluorescein, This
product is described in Section D=2, Tha_phgsical constante
are given {n Table 7. A plot of the log of concentration vs,
log of relative percent transmission 1s shown in Figure 2,
for the peak activation (Soo_mn) at the peak fluorescence
(525 mp). The expected Beer's Law curve s seen from 10=6
g/mle to 1010 g/ml, Below this concentration, there is
detectable but erratic fluorescence (see alad Section 1v),

. «26-
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Log Rel.
T

L. |

Figure 2,
Plot of Log Retative %
Transmission v, Log of
Concentration for Naphe
thol Fluorescein at FM
525 mp and AM 500 mp =
1P21 tube, 0.1 N NaOH
stit 43

Log Conc, g/ml,

-20 -18

DA=18=064 w404 =CML =495
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TABLE 7
PHYSICAL CONSTANTS OF NAPHTHOLFLUORESCEIN FRACTIONS

8

o AM, . EM. Lower Limit Rf, _J.R. _ MB,
A 290,320,380 525 10"13 g/ml. 74 2.7=3.350°C* = no

475,500 slight melting
B same 525 10721 g/m.° .62 2,7-3,. 225-28°C

: : stroig _
c same . 525 .61 - 350°C+ = no
: melting

E 0.1N NaOH as a solvent,
b In 0.001N NaOH, only 1012 g/mi.

Carbon, hydrogen and oxygen analysfs was performed on
a naphtholfiuorescein crude that was purified byprecipitation
from a methanol-ether solution by addition of water. This
product was probabl& a mixture (m.p. 293°C) but the data
1ndicatas.that_the assumed formula {s correct or nearly
cofrect}" ' |

C24H1405 - molecular weight 382.4

| $C &H - %0  Total

calculated- 75.35. 3.68 20.97  100.00

found 72,26 3,99 20.1 96.35

5, Purification of naphtholfluorescein by acetylation
and benzoylation followed by hydrolysis, It is expected

‘that naphtholfiuorescein having several free hydroxyl groups

would react with acetic anhydride and with benzoyl chloride
27w
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these can be purified by crystallizat!on unti| fractions
with coﬁstant physical properties are obtained, then hye-
drolyzed to pure naphtholfluoreacein,

(a) Acetylation of naphtho!ifluorescefn, Naphthole-
fluorescein was refluxed Tor 4 hours with acetic anhydride
and pyridine, The cooled reaction mixture was poured into
fce water and filtered (m.p. of 108-13°C. for the dried
product), it has the same flqorescence maxima as naphthole
fluorescein, but lacks one of the activation peaks (320 mu)
and has a lower 1imit of i0'15:g/ml.

Hydrolyaig of the acetytated compound was‘attempted
by heating at reflux.for one hour with 10% NaOH, The cooled

' reactionvmixture was precipitated with 6N HCI and the pro-

duct was filtered and dried (m.p., 178-84°C.,), This mel=
ting point is similar (191°C.) to that obtained by A, Ter=

risse (8) for the mono acetylated ﬁaphthol fluorescein,

1.R, data on the hydrolyzed compound 1ndicatee etrong

‘absorption at 2 o 7=2,9 (OH peak).

(p) B ;gx!g jgg of naphthol|filu g[gegejn, Naphthol=

fluorescein (1 gm.) wae dissolved in 10 ml, of 10% NeOH
and 0.8 gm.'of benzoy! chloride was added. The contents
of the tube were shaken for 20 minutes and then allowed to

cool, An olly mass resulted that was separated from the

1iquid fayer and dlesolved in 5% NaOH and filtered., The

filtrate (1) was precipitated with dilute acetic actd, fil=
tered again to remove the precipitate A and the filtrate (I1)

-28-
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was treated with acetic acid until a second precipitate B
resulted. This orange precipitate was filtered and dried,
The filtrate (111) was again treated with acetic acid and
the third precipitate C was obtained, In O,IN NaOH only
B showed appreciable fluorescehce when irradiated with a
3660 R lamp. All three compounds are escent. B
was assumed to be the benzoylated compound, on the basis
of I.R., data, with a melting point of 121-122°C, and a lower
Imit of fluorescence detection of 1015 g/m!l, " Rf values
vere determined for this compound using S% phenol, 3% NacCl
and 1% NHz in aqueous solutfon as the developing solvents
Rf = .73, This compound waes redissoived in 5% NaQH and ree-
precipttated with acetfc acid. No spot could be located
on paper chromatography with this compound., The 6riginal
W73 Rf spot was assumed to be naphtholfiuorescein,

Attemped hydrolyeis of benzoylated naphtholfluorescein
ueing 10% NaOH and heating for one-and-a=half hours gave
a product with thg same physfcal properties indicating pno
hydrolysis., 6N HCI| gave no indicated hydrolysis products,

It is belfeved that benzoy!ation of naphtholfluores=
cein takes place at both phenolfc sftes and at the carboxyl=-
ate fon, This was checked by benzoylation of naphthalic ane
hydride which gave a product; this test was negative for ate
tempted acetylation,

There s an I1.,R, peak that {s found for the benzoylated
product but not for the acetylated. Benzoyletion of the acet~
ylated product does, however, show this peak,

-29q
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SECTION V,
USE OF COMPOUNDS WITH LARGE FLUORESCENCE INTENSITY FOR
DETECTION OF ORGANIC COMPOUNDS BY TAGGING
A | ' sid ns

~ One of the chief objectives of the present {nvestiga=

tion fs the preparation of a fluorescent compound which witl
react rapfdly with small quantities of protein and/or nu=-
clelc acidS. Theﬂu orescein molecule ftself ts not expected
to react with proteins or with nucle!c actd, However, it

offers good possiblifties us a basfc structure on which to

ettach functional groupe known to be reactive with proteine

. and/or with nucleic acids. Among the functional groups which

have been considered to be fntroduced intc the basic struce
turee, the following have been tentatively aas!gned priority

for 1nvestigatlon-

(a) Introduction of sulfonic acid groupe

(b) ‘Introduction of a ] [9 group which then could be coh=
verted to an gmino group by reduction
(c) Conversion ofthe amino io‘g'gigzgglgm group stabflized

by .a fluoroborate fon to form a relatively stable salt

(d) Conversion of the amino group to dimethylaming
'(e) Conversion of theawmo group to an 1sgcyanpte and par-

ticularly to an isothiocyanote (12) function

(f) Conversion of the sulfonic aéid t0o the N~dimethylsuifon=
amide = SOaN (CH3)p |

Some progress has been made in this direction as-described

fn the following pages,
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By Sulf o f Ng_hnhﬂrf resce

1, Exploratory runs in the sul 6ba n_of naphthol=
fluorescein, .(‘) Naphtholfluoresﬁein (2 gms.) was heated
for 2 hours at 60°C, with 12 mi, of 20% fuming H280,, poured

into cold water and precfpitated as the calcium salt. This
solution was evaporated to dryness and the product gave a
positive test for sulphur by sodium fusfon techniques.
Paper chromatography indicated a number of products. There‘
was no success fn attempted {solation of these products,

(b) The above procedure was modified using 6 ml, of
20% fuming H2804 and the prodhct was precipftated as the bar=
fum salt, A positive test was gliven for sulphur and two spots
were obtained by peper chromatography, Analysis for sulphur
indicates 2.54%. A formula of CugHp5016BaSy would have
6.05% sulphur, This compound on thie basis {8 obvldusly
contaminated, - ' |

(c) The same procedure as (b) except that the temper=
ature was éo-ioq°c. Analysis for sulphur indlcates 4.96%.
Purpfe crystals were obtaihed fn (b) and (¢).

_ (d) The sodium salt was precipitated'after a reaction

at 120=140°C, for three hours with 20% fuming HoSO4. A red
‘compodnd resulted that gave a poeltive_test for sulphur,

2, Projected : tion, 1In process {s sulfona=
tfon using the most fluorescent naphtho!fluorescein which

will be {solated as 1ts sodium satt,

“3ia
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Ce Nitration of Naphthalfluorescein,

Two different methods of nitration were used. One
analogus to phthalic anhydride nitration (13) ylelded o
product with a melting point of 222-225°C, The second
method was a nitration of acenaphthenequinone and oxfdation
io give 4-nitro naphthalfc anhydride. Literature values
for this meliting point are 220°C (14) and 230°C, (15).

The obtained melting point of 211-214° indicates that this
product might be contaminated with the 3 nitro fsomer (16),
1.R. spectra for both synthesis products were simflar,.

Attehpted synthesis of nftro naphtholfluorescein from -
resorcinol and nitro naphthalic anhydride gave a compobnd
that did not melt at over 350°C., This will be purified
for further synthesis. Also the characterfzation of both
nitro starting materfals {s in progress,

. SECTION Vi,
PROBLEMS ENCOUNTERED IN THE PREPARATION PURIFICATION
AND DETERMINATION OF ACTIVITY OF FLUORESCENT COMPOUNDS

Only a brlef _summary can be gfven on this toptc, since.

~any extensive discussfon would fnvolve consfderable apace.
 However, for the purpoee of this report the followlng pro=~

- blems may be listed with some remarks as to whether the

problem has been completely sclved,

1. The selection of the proper catalyst for the con-
densation of both phthaleins, sulfonphthalein, and fluores~
cein=-type of compound: Though we have used ZnCla exclus=-

“32a
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fvely, there is nb doubt that ihe condensing agent gives
rise to other products which are difficultto remove, Con-
densat{on withouf s catalyst, even with greater heating
flme; has failed to give any appreciablé yteld éf conden=
sate,

| 2.- It 18 quite certain on the basis of avaflable data
that at least two isomeric nephtholfluoresceins afe formed, -
One fraction shows stronger -OH absorption bands in the in=-
frared spectra, than the other, This {s believed to have "
bothAhydroxyl groups free as shown in Structure 10, Sectfon
IV=A, ‘More work is required for the final characterfzation H
of each fsomer. .

3. A more basic approach {s needed to the correlation
of chemical structure and fluorescence, Work has been'
started in this direction by Lt. Miller at Fort Detrick
Laboratorles, ' 1

4, A better method for the fntroductfon of sulfonic
acid groups into fluorescent compounds is needed and Wérk
1s in progress towards that direction,

5. Finally, the measurements of fluoreséen:e at ex~
tremely low concentrations (1 x 10-12 to 1 x 10~18) and
even below must be carefully scrutinized. For example,
if we assume a molecular wefght of 382 for naphtholfluor=
escein, then {f we get a signal at a concentration of
1 x 10-18 g/mi, we are dealing with about 1560 molecules
and 1T we get a signal at 1 x 10‘21, the number of mole=
culee §8 only 1,56 === a very uniikely behaQior. The

33
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results at low concentrations are véry erratic,

The possibifity that molecules are trapped in pockets
in the giass and are not transferred fn dilutions must be
considered. Experimentation using broken glass in low cone
centration fluorescent solutions to absorb fluorescent mole=
cules indicates thut this is a factor. This absorption ex=
perimentation and the attempted coating of giass wfth glle
fcones is in progress, Proper mixing is a very important '
factor at low concentration and this might be part of the
absorption factor.

Glassware should be cleaned in hot nitric acid and
rinsed with distilled water and then blank solvent, 0Of=
chromate cleaning solution and soap solutfons should be

avoided.

SECTION VII.
- PREPARATION OF TETRAZOLIUM SALTS

A an_for Prepar ' n f Formazans

The general method for the preparatfon of formazans
was outlined In Section 11=D, In the present section a
1{st of all the formazans whléh have been planned will be
given and typlcal preparations will be described, as well
as the diffifculties encountered in the {solation, purifie
cation and characterization of the product.

Table 8 gives a summary of the monoformazans and the
corresponding tetrazolfum salts that have been scheduled

for preparation., Compounds Laboratery number 533 to 553
-3l
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fnclusive were suggested by Lt, Miller of Fort Detrick Lab=
oratories, Table 9 Ifsts the diformazans and the corres-
ponding salts that have been scheduled for preparation.

One plus (+) before the number of the compound indicates
that the formazan has been prepared and purified, Two
pluses (++) indicates that the formazan has been converted
to thetetrazolfum salt and the compound isolated and sub=-

mitted to Fort Detrick Laboratorfes for further study,

. TABLE 8
e MONOFORMAZANS AND TETRA=
(15) > 2 ZOLIUM SALTS LISTED FOR
\ 4 5\ 2 PREPARATION 2
N ""'—'h‘rl ‘-l-!-{')
E;?. - Radicals 12_z§é1?ions Indicatgg
++500 Phényl Phenyl ' o=Tolyl
+4501 - p=Anisy! ~ Phenyl o=Toly!
¥+502 Methyl Pheny | _ Pheny!
. ++¢503  Phenyl Pheny| p=Toly!
++504  Pheny| | Phenyl Pheny!
_+4505 Plperonyl Phehyl o=Anisyl
++506  Pheny Pheny | : p=Anfsy!
++507  Phenyl| _ Phenyl a=Naphthy |
; 508' Piperonyl . Pheny! | Pheny |
+509 - Piperonyl Pheny o~Tolyl
510  Piperonyl Pheny | p~Toly!
#3511 Phenyl Pheny | m=Toly!
+512  Phenyl Pheny! o=Anisyl
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TABLE 8 (continued)

Lab. 5 Radicals In Pogitions Indicatgd
Mo,  _B5_ B2 R

+513 Pheny! Phenyl p=Naphthyl
+514  Piperonyl Pheny | n~Tolyl

+516 Piperonyl Pheny | p=Anisy!

517 Piperony! Pheny | a=Naphthyl
+520 p~Aniayl Pheny1 p=Anisyl

+521 p-Anisyl Pheny a=Naphthy!
+522 pe-Anisyl Pheny | Phenyl

+523 Phenyl g~Nitrophenyl Pheny|

+524 m=Ngtrophenyl Phenyl Pheny |

+525  Phenyl Phenyl p~Nitropheny!
527 -p=Propyl Pheny | Pheny |

528 - Piperonyl p=Nftropheny! Phenyl

529 Piperony! g~Nitropheny! p=Anisyl

530 Piperonyl p=Nftrophenyi p=Nitrophenyl
531 ngﬁisyl p=Nitropheny! pe-Anisyl

532' p~Anisyl p=Nitrophenyl p=N{itrophenyl
533 p~=Nftrophenyl Phenyl Pheny |

534 g=Nitrophenyl Phenyl Phenyl

535 Phenyl
536 p=Nitrophenyl!
537 p=Nitrophenyl

538 p=Anisyl
539 pmeAnisyl
540 Phenyl
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2,4«Dinttropheny! Phenyl

2,4=Dinitrophenyl Phenyl

p=Nitrophenyl

Phenyl

Pheny|

p=Nitropheny!
~36=

Pheny|
Pheny |
Phenyl
p=Nitrophenyl




Lab,
No,

541
542
543
544
. 545
546
547
549
550

851

- 552
553

++554

TABLE 8 (continued)
Radicals in Posttions Indicated
Re R

5
a=-Naphthy |
QeAnthrnayl
Ethylene
g=Aminopheny!
m}Aminophenyl
p=Aminopheny|
Phenyl
ngydfoxyphenyl
g}dhlorophenyl
p~Fluoropheny|
E~Carboxyphenyl

'nghiophenyl
:Phenyl

e ———

Pheny |
Pheny!
Phenyl
Pheny 1
Phenyl
Phenyl
Methyl
Phany1
Pheny |
Pheny!
Phenyl
Pheny |
p-Nitrophenyl

Phenyl
Pheny!
Pheny|
Pheny |
Pheny |
Pheny |
Phenyl
Phenyl
Phenyl

. Phenyl

Phenyl
Pheny |
p=lodophenyl

2 4 = Formazan prepared and purified; ++ = Tetrazolfium
- salt prepared and purified.

5 65 Ph'?\u\\
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TABLE 9

DIFORMAZANS AND DITETRAZOLIUM SALTS
LISTED FOR PREPARATION

7 2 ' NS e
R!5_%{,;’,1\,\'1__FQ- | R - Tz. ,5?.93 (16)
! 4. 5 3» -
N —'-‘N.., '-"‘“'-'-"'N é':.'."‘._:‘ﬁ‘ N
Cl Ci
Lab, ' .
No, Irivial Neme _R2, 2' _85,5' ~__ 83
++703 Regular Tetrazolfum Phenyl Phenyl g=Dimethoxy=
Blue biphenylene
++705 pe~Anisy! Blue Pheny | apAniayl Q=Dimethoxy=
, . biphenylene
++706 Piperony! Blue Pheny! Plper= g=Dimethoxy=
ony! biphenylene
++707 Veratryl Blue -Pheny! Veratryl geDimethoxy=~

biphenylene
++708 p~Nitroneotetrazo=- Pheny! m-Nitro- Biphenylene

1fum chloride phenyl

++709 Neotetrazolium Pheny! Phenyl B!phenylene
chioride

++710 p=Nftro=bjue tet= Nitro Pheny| ngimethoxy-
razoltum chloride phen biphenylene

DA=18u064=404=CML=495




B, Deegrlg;!gn of the Preparation of some Monoformazans and
Monotetrazolium Sa]ts,

)} eparation of 2 «triphen tetrazoljum chloride
(tab. no. 504), (a) Preparation of the formazan, 94 mi.

of aniiine, 125 m!. of water and 210 m|, of concentrated

HCl were chilled and added to 100 gm, of 1ce. This was di=
azotized with a solution of 70 gm. of NaNO2 dissolved in 150
mi. of water, The diazotized material was added to a solu--
tion of'NaOH and benzalpheny! hydrazone through a droppfing
funnel at 0-10°C. over a perfod of 2 hours, The stirring
was confinued for an additional half~hour, cooled for 24 hours
and filtered, The NaOH solution wes prepared by dissolving
250 g, NaOH in 250 mt, of wéter,.cooling and adding 700 mi.
of methanol. This was added to 200 gm, of the hydrazone {n
4 liters of methanol.,

(b) Purification of the formazan, The formazan was
waghed with 100 mis, of methano! and suspended in a solue
tion of 250 mf. of methanol and 250 mi. of acetone., After
bofling for 5 minutes, 1t was cooled and filtered and resus=
pended in 2 liters of botling water for 10 minutes. At 60°C,
it was filtered and washed with 50 ml. of boiling methanol,
The product was drfed in a vacuum desiccator,

(c) Oxidation of the formazan to the tetrazolium salt,
50 gm. of the formazan was suspended in 250 ml, of ethanol
and 250 ml. of CHCi3. To this solutfon 32 ml. of butyl ni-
trite was added and dry HC| gas was bubbled through the
chilled (5°C.) solution unt!| it was saturated. The oxi-

3G
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datfon 13 usually complete fn 2 hours and the red mixture s
then coloriess, The bubbiing waes discontinued, but stirring
continued for 1 hour. Charcoal was added and the mixture
was allowed to stand overnight,
' solat and fication of the alt
The solvents‘were stripped off under vacuum to leave approx=
imately 20 ml, Methanol>(30 ml.) was added, The solution
was boiled with charcoal, filtered and 300 ml, of dry ether
and 25 ml. of acetone were added while the walls of the
flask weré sératched until crystals formed. .After 1 hour,
the crystals were filtered and recryetailized.to glve 2
constent melting point after drying in a vacuum deajccator,
2. Preparation of 2,5-diphenyl~3=g=tol e 7
chloride (iab. no. 500), The same procedure was fol lowed
as described fn the previous section (B-1) except =tolui=

dine was diazotfzed,

3. Preparstion of Z-p-nitro pheny|-3=p-iodophany|=5=
pheny| tetrazolium chioride (no. 554), (a) 30 gm. of p~
nitropheny! hydrazone was éuspended fn 1.1 {itera of eth=-
anol and a solution of KOH (prepared from 35 gm. of base
dissolved in 40 ml,. of water which was cooled and mixed
with 150 ml, of ethanol) was added with stirring, p-iodo-
anfline solutfon (prepared by dissolving 25 gm. in 30 mi.
of warm water, then adding 35 ml. of concentrated HCI,
cooling to 0°C. and diazotizing with 10 gm, of NaNOp in
20 ml. of water) was added over a perfod of 1 hour with
stirring and maintenance of 0°C., temperature, The stir-

lj0=
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ring was continued for 1 hour and then the solution was al=
lowed to remain in the cold overnight,

| (b) The formazaen was filtered and washed with 50 ml..
of methanol and suspended in a mixture of 75 ml, ;f methanol
and 75 ml. of acetone which was then bofled, alfowed to cool
and flitered twice. The solid was suspended in 1 ifter of
boiling water for Sminutes, cooled to 60°C., filtered,
washed and dried,

(e) 15 gm. of the {odo formazan in 350 ml. of eihanﬁl
and 350 ml. of CHCly with 15 mi. of buty! nitrite was oxi-
dized as in sectlon-B-i-(c).

(d). The procedure was the same as section B-1-(d)
except that the tetrazolfum compound 1s precipitated by
adding the alcoholic solutfon to 500 ml, of dry ether, The
product was filtered and drfed; two recrystalifzations gave
a constant melting product.

4, Preparation of p=anisyl blue, (a) 125 gm. of p~
anisaldehyde was dissolved in 500 ml, of methano! and heated
to bollings To this a phenyl hydrazine solution (120 ml, of
the hydrazine and 250 ml, of methanol) was added while stir=
ring, Yield was 200 gm. 100 gms, of the hydrazone was dig=
solved fn 600 ml. of pyridine and cooled to =5°C. The slow
addition of the fast blue salt was performed, stifring over
a perfod of 5 hours and then sfirrlng for an additfonal hour
cooled overnight and precipitated with 400 mis, of methanol.
The remainder of the procedure (b,c,d) was the same as des=

cribed in section B-1,
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5, Preparation of tetrazolium blue, (a) 100 gm. of
benzalpheny| hydrazone was dissolved in 1.5 liters of py~

ridine, To this hydrazone, 440 gm. of fast blue salt was
added over a period of 6 hours while the temperature was
kept at 0=5°C. The remafnder of the procedure (b,c,d)
was the same as described fn sectfon B=i.
Preparation of p=nitro tetrazolium blue, (a)

100 gm, of benzal=p~nftrophenylhydrazone was dissclved in
1.2 titers of pyridine, then cooled to =5°C. 380 gm, of
blue salt was added to the above solution under very vig=
orous stirring over a perfod of 4«6 hours, After all the
blue salt was added, the stirring was continued for an ad=-
ditional hour, The formazan was allowed to stand In the
cold for 24 hours,

(b) The same procedure was followed as described in
section B=1=(b),

{(c) 20 gm. of p=nitro=blue formazan was suspended in
320 ml. of dioxane and 300 ml, of tetrahydrofuran and 32 ml,
of buty! nftrite, cooled to =-10°C. Then, while stirring,
dry HCI was bubbled fnto it until a supersaturated solution
was obtained, It requires about 6 hours for the completion
of oxidation, 8 m!. more of buty! nitiite was added with
charcoal and allowed to stand for 24 hours,

(d) The product was filtered and the solvent stripped
to 30 ml, Methano! (150 ml,) and charcoal were added and
filtered, The fiitrate was slowly added with vigorous stire

ring to a 3 [iter wide=-mouth flask containing 1.5 Ifters of
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dry ether, The product was filtered, dried and recrystai-
I1zed to a constant melting point,

(NOTE: The "fast blue" mentioned in Sectione B-4 (a)
and 5 (a) refers to stablized g-dianisidine tetra-
zonfum salt obtatned from Dyestuff Division of

Koppers Co,.)

-43-
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SECTION VIII,
PHYSICAL CONSTANTS AND CHARACTERIZATIONS OF FORMAZANS
AND TETRAZOLIUM SALTS AND PROBLEMS ENCOUNTERED
Ay, Criteria of Purity,

One of the most vexing problems in this phase of the
work has been to establish criteria for the purity of (a)
the formazans and (b) the tetrazolium salts,

1, Monoformazans, The problems encountered with the
monoformazans are not very great though tautomerism 1s pos=
sible between the 2~ and 3= pusitions, For example, {f cne
starts with: benzalphenylhydrazone and reacts 1t with dia-
zotized a=naphthylamine, the formazan {s identical to that
formed when one starts with benzal-a-naphthylhydrazone and
reacts it with diazotized anfiine, It 1s assumed that the
hydrogen bond between positions 2« and 3-, as shown in

structure (17) permit tautomerism:

. 2 Ny (- ) 2N,
- - G- L .
CoH; 5!3 ‘“‘ ¢ e T NeCn, ()
<om ] W
N o - —
| 4 (mH, N‘*‘N'CGHS

In general, the criteria of purity as agreed upon in this
project for the monoformazans are:
(1) No change in melting point after two successive crys=
tallizations,
wlplym
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(2) No change in 1.R, spectra, maximum U.V. absorption
values and Rf values after two successive crystalli-
zations.

Thé use of melting point with monoformazans as rapid
criteria of purity in purification by crystallization is
feas{ble, since generally the melting points are below
200°C, and do not decompose appreciably near the melting
point, though after melting, the crystalifzed melt obtained
by cooling does not give the same melting point agalin,

However, there are some inherent difficulties in the
pgrificatlon of the monoformazans, particularly {f the rad=
{cals on posftions 2, 3 and 5 have nitro groups or halogens,
The purification depends on the extent of the reaction be=
tween the hydrazone and the diazotized amine which probe
ably at the alkaline pH of the reacting medium is the dia=
zotate fon, The solvent and temperature,and perhaps, pH,
have an effect, This §s shown by the preparatfon of the
formazan of E-anltrophenyI-S-erodophenyl-BQphenyI formazan,
The formazan was prepared by three different methods: {1n the
first, the usual aqueous=~alcohol system with the additfon of
aqueous potassium hydroxide wes used; in the second, the hy=
drazone was dissolved {n pyridine and the diazotized p={odo=
anfline was added; in the third, the hydrazone was dissolved
in dioxane and the diazotized p~iodoaniline was added. Only
the first method gave a formazan which on purification

ylelded a product melting at 184-185°C which is listed in

the 1iterature.
«l5m
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2, Ofiformazans, The purification of diformazans fs fne
herently more difficult since besides the desirable reaction
of one mole of tetrazotized diamine with 2 moles of Hhe hy-
drazone, a monoformazan results at the same time., Thie has
been extensively investigated by Seligman et al (17) in con=
nection with the preparation of p-nitrotetrazolfum blue for=
mazan or 2,2'~di<psnitropheny(=5,5'=diphenyi=3,3"'=(3,3'~d{=
methoxy ) =4,4-biphenylene diformazan, Seligman's group first
reported that they obtained a mixture of monoformazan mel=
ting at 210°C. and diformazan melting at 257°C. They re=
ported a separation with bolling dioxane in which the mono=-
formazan was {nsoluble and the diformazan soluble., In a
fater paper they changed their directions to continuous ex-
traction for 7 days with bofling benzene. It has not been
possible to confirm the findings of the Seligman group. The
pure diformazan has been obtained by a completely different

method as described i{n the preceding section and the melting

point of the compound {s the same as stated by Seligman et al,
256-257°C.

3, Tetrezolium Salts, The cviterfa of purity for the |
tetrazolium sajts are even more confused due to the following:
(a) the melting points of the tetrazoifum salts are decompo-
sition points and are affected by the rate of heating; (b)
tetrazolium salts solvate, tend to separate as oils, and not
infrequently crystallize with varfous numbers of molecules
of the solvent of crystali{fzation, Numerous examples can be
cited that by dissolving portions of the same lot {n methanol,

il
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or In isopropyl alcohol and then precipitating with ether,
products are obtained with different melting points; (c)
finally, there tg the possibitity of polymorphism ang pos=-
gible stereoisomerism In some of the tetrazolfum salts,

All of the above considerations led to a detailed and
exhaustive study of the oxidation of formazans under condi=-
tions which will yleld products which cen be fsolated read=
tly, purified and given uniform constants,

1t has been found that the following factors play an
{mportant role during the oxidation of the formazan and
closing of the ring: (a) solvent system; (b) temperature;
(c) presence of water as for example, addition of concene
trated agueous hydrochloric acid gives inferfor results to
the use of anhydrous hydrogen chloride; (d) evaporation of
the solvent after oxidatfon under reduced pressure instead
of evaporation in contact with air; (e) method of crystal-
I{zation, The fast point is {llustrated by the purification
of g=nitrobluetetrazolium chloride., The same crude was used,
By varying the method of crystaliization, one lot gave ¢crys=-
tals melting at 212°C,, another at 184-185°C, and the trird,
crystals that did not melt at 300°C, The {ots melting at
184=185° and 212°C, gave substantially tdentical 1.,R, spec=
tra, However, there still remains the suspicfon that the
two lots may behave differently towards enzyme systems.,

These are problems which have to be fnvestigated.
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Phygi Constants of Formazang an r fum Salts,

This phase of the work 1s still in progress, The data
given in Table 10 are tentative, A large amount of data are
missing because it Is considered a waste of time to determine
constants unless the purfty and nature of the compound has
been established, Work on the Rf values of both formazane

and tetrazolium salts is just beginning,

TABLE 10

MELTING POINTS AND INFRARED SPECTRA OF FORMAZANS
AND TETRAZOLIUM SALTS

Lab, No, Ne.Cr®  _M, P, LR

500 F° 2 125-8 -
501 F 2 101=3 -
503 F 2 144-6 -
504 F 2 159-61 -
506 F 3 148-51 -
507 F 2 157-8 -
509 F 3 1424 -
511 F 2 1246 -
512 F 2 146-8 -
513 F 3 1D4=6

514 F 3 160-2 -
515 F 2 101-2 -
516 F 3 159«61 -
519 F 2 113-9 -
520 F 2 116-8 -
521 F 2 120~1 -

48«
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TABLE 10 (continued)

abs N No, Cr, MePs(oc)  LeRe
522 F 2 107-8 -
523 F 2 1624 -
524 F 2 1146 -
525 F 2 147-50 -
554 F ? 184-5 -
554 89 2 1945 -
703 8 3 252 +
705 8 2 197 *
706 8 2 206 +
707 S 2 199 +
708 8 2 240 +
709 8 o 322:¢ +
710 8 . ;?g:?g +
over 300

® No. Cr. = number of crystallizations of product for
which the value {s reported,

b 1.R, = {nfrared spectra; + = determined; = = not
determined,

€ F = formazan,
d 8 = tetrazolfum salt,

C. The Use of Tetrazolfum Salts for Detection of Radfatign
and also for Protection Against Radiation,

A complete bibleography of aill reported I{terature on
tetrazolfum salts {s comtemplated, However, attention should
be called to three papers by Glerlach and Krebs (18) from the

Army Medical Research Laboratory at Fort Knox, Ky. between
«liQm
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19491952, coplés of these papers are belng submitted to the
Phys{cal Defense Dfviston of Fort Detrick Laboratorfes. The

present author has not seen any further reports on investi~-

gations of this angie, HINNNENNNENNNNYAANAIED,

Therefore, it is suggested that
some exploratory work should be done with the pure tetra=
zoifum salts furnished to the Fort Deirick Laboratories to

determine thetr possible use in radiation gstudies,
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